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T.e p.sent invention teaches a con,pc.itic« -J^h ^JJ^/^^^^^^^^^^ 
formed by mixing an ethylenically unsaturated anda^lyamme. ^^e^^" ^^.d polyamm ^^.^^ ^ is an (-R^)^- 

said polyamine has four or more A. B or C unite, ,^ "'^.J^^^f ^ ' substituted atyl. arylalkyl. and alkylaiyl. and R^ is 

unit, We,. R' is independently selected f^!^ ^ydrog^^ky^^^u^^^ ^^^^ ^^^^ , ^ 

independently selected from the group ^onswung of. l"**^^ composition is coated on a 

Is^th^ft^^^^^^^ 
in packaging applications. 
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polyamine/unsatuSed organic acid composition for barrier coating 

Field of the Invention 

The invention relates to coatings containing a polyamine and an ethylenically unsaturated acid 
which have barrier properties useful in packaging applications. In another aspects, the 
invention relates to a method of manufacture thereof. 
Background of the Invention 

It is well known that coatings containing silane compounds and itaconic acid improve the gas, 
oil, and flavor barrier performance of organic polymer film substrates. Moreover, the adhesion of 
the coating to the film surface, as well as the improved barrier characteristics provided by the 
silane coating, are greatly enhanced by exposing the coated film to electron beam radiation. 
A particularly useful barrier composition is described in U.S. Patent No. 5.215,822, which 
teaches a methanol solution of a vinyl benzyl amine silane (Dow Coming Z-6032), itaconic acid, 
and water; coating this solution on a corona treated low density polyethylene film, drying, and 
then subjecting the coated film to electron beam radiation grafts the coating to the film surface 
further improves the barrier properties of the sUane coating. However. whUe this coating gives 
excellent gas barrier properties at low to moderate relative humidity values, the gas permeabiUty 
increases drastically at veiy high relative humidity values. 

The present inventors have surprisingly discovered that the combination of a polyamine and an 
ethylenically unsaturated acid gives excellent gas barrier properties at low to moderate relative 
humidity values, as well as excellent gas barrier properties at very high relative humidity values. 
The acid group and the amine form an amine salt which imparts excellent barrier properties to 
the composition. The composition may be crosslinked to furilier improve barrier. 
None of the prior art teaches the present invention. For example, U.S. Patent No. 4,761,435 
claims UV curable polyethylenically unsaturated compositions in combination with a polyamine 
resin, which use an aryl ketone photosensitizer. The '435 patent teaches that acid functionality 
in the compositions is undesirable (col. 5, line 24). The patentees indicate that the formation of 
amine salts is to be avoided, because the photosensitizer reacts only vrith an amine, and not an 
amine salt. This is in contrast to the present invention, which teaches that the formation of acid 
salts is desirable and results in superior barrier properties. 

Another example. U.S. Patent No. 4.943,600, teaches the combination of a tertiary amine 
) Containing resin, allyl terminated resin, and a maleate functional resin. Likewise the patentee 
teaches that the compositions are formulated to minimize or eliminate carboxyl functionality, 
which contrasts directly with the present invention. 

U.S. Patent No. 5.017.406 claims UV curable compositions which contain reactive unsaturated 
compounds, but does not teach the use of a polyamine or an unsaturated acid as does the 
5 present invention. 

JP (Kokai) publication 7-18221 published on January 20. 1995 teaches a surface treatment 
composition for gas barrier comprising an aminosilane and a compound having an aromatic ring 
or hydrogenated ring. The present invention is distinguishable, however, because it does not 
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.,..e.ead<Ution of cycUc compounds havinsana.n.a.crin.no^ 
.U„l»icaJly unsaturate add to achieve gas banie, p™pert»e. 

^^^f^:r^.aee„pe..»„»-pt„..e=^.aa™t,at.a,o»a^^^^ 
IILII -ere *e co^posido- is torrued b, mi^ an eth,lenioa% unsaturated =^ and a 

Wherein =aidpol,...inecption.»y-,ac.oss,i„^rrea^^ 
.aid oolyamine has four or more A, B. ore units, where; 

in • NP'h unit. B is an -R> ■ NO^^-I, unit, and C is an ,.R=,3« - 

irisindepehdendyselectedi^^n hydros ^..subsdtu,edaU,i.ao...substin.^ 

aiyl, aiylalltyl, and alkylaiyl, and 
r2 is independently selected from the group consistmg of: 

linear or branched allcylene groups or substituted all^lene groups havmg firom 1 

to 18 carbon atoms, and ^ . 

arvlene groups or suOsntuted a„..ae groups having .*om 6 to 18 cart»n atoms. 
^eco»pos,.io„,s»a.edo„asuhstra»thenopti»^tre.,ed.im^^^n^ 
reaedon. The mvenUon can be appded as a eoating «. a vanety of suba»a«s used m pac gmg 

^ Inproves r.ais.a»» o, the material »ansm,ssio„ o, gases and aroma 
:I^e»m;e,a30 micron u^oa^dbia^yoHented, corona treated poiypropyl^^ 
gen»aUylundtoha»apenneab,b.y.oo^ofiSOOcc,m2,day.smeasu.^ASTM 

„ m^ssll measured at 80% reladve humidity. With the present coaun^. the «»,g». 

' rl'sirnrateoithesamer^lmcanbcreducedtoiessthanaSOco/m^/dayasmea^^ 

80% relative humidity. 

^--"-^^^'-^-^^^^^.inmanyd^erentronns.her^ 
™°*^"^°Zrdr™-—oC.hemv.n.ion.. .Should be understood. 

the embodiments illustrated. 

35 ThJ^es Of the present invention are polymeric . homopolymeric or copolymeric 
polyamines having four or more A. B. or C units, where: 

A is an -r2 - N(r1,2 -t. B is an -R^ - m^-)2 -t. and C .s an (-R )3N umt. 
where: 
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aiyl, arylallcyl, and alkylaiyl, and 
r2 LsindcpendenUy selected fn,m the group consisting of: 

Uneartbranchedan.ylenegroupsorsubstimted^lene^oupshav..gfr^^ 

to 18 carbon atoms, and 

Examples of poly^nines useM .» U» i»ven«.n »aud= >»^'T ^ 
poteoyl amides. poly-DADMACs polyvinyl pymUdo.. copolymers, polyethylene 

-»--r~crrr»tr!S":.c-e...e..=o, 
;n:::=:rpo:^— '^•c:;— ^ 

-TZ: r=:iyer.::Le».. — ..e,o.mo.,B,o,C 

units, where: „ ^ . n(r2.)2 unit, and C is an (-r2)3N - unit. 

Aisan-R2-N(Rl)2umt.Bisan-R N(R )2 • o ^ C units can be from 

where r1 is hydrogen R^ is an -CH^CH^- group. The ratxo of A to B to C un^s can 
- K .I 0505toaboutl-2:l,but.spreferablyfromaboutl:l:ltoaboutl.2.1. 

, about ^-^-^ ^-'"^"""^ _ ^^^^p„iy,^y,enin^^^ 

Additional groups may be grafted onto poiy h>,«™^ orooerties Examples of 
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™iBht polyca.yicnimme=, available torn Nippon Shokubai, pap^L 

'° r^r::"wr«b,.»ican,..aa»™«..-isais»a...»..»^^^^^^ 

ApredeKrm ^. „ is ■ncai.t any add which ha, ™yl ^1.= 

By ".*yl».cany --"^^'^^ ^ ^ ^ ^„„„. „ about SO parts by 

=«^'=^7*~^'l';^slabo..7.pa™by».shtb=i„S™o=.P-'-''- - 
. -aciaaro.u..tb.p..e„tinve„.iona.— c 

rhatr^cai^up.o,»ono.,..h„eora„.th=.„..p^d.= iU»».^ 
l"r™.othraci..su«ha=lu»a^,n».*— .ac..,«e«^.^^^ 
. n^ethvlester vinvlphosphonic acid, sorbic acid, mesacomc acid, and vmyl 

:zr::;riaaj'.e».— — 
r'^r:rrr:i«raob.<n.p,,.^a„a.....:..oaho.ti.^s».o» 

..Ta^ *=acidc».b.ad.»..otbesa.ubm^.h„itor.he..hyle^cany_,^ 
::a^hClcany,^oh=dn.a.noun.aol„p.oabou.BOpa™by.e*to..heco.np.a.^ 

" rTponentsorthep^t— can«p«onaU,be».^»«»^-'- 
^=1 water alcohols and blend, thereof will .e™ aa citable because the 

Dow Chemical Company. Midland. Michigan). 
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Ontioiial CrossUnkers 

tapL bani» properties, reduce deleting, »d toprov. »ppe^ce. U . beb^ed tt»t 

.^er- is defied to mean an agen, which can furUrer chain exiend «,d/or — »^ 
Z^.. xhecrca=iini.er„ravheanc.^cro»,in>»roro»repr.fer.bl,.a.ea«.v.s.an. 

crosslinker, or mixmres thereof. 

r:e'^~ld.eeu.,^,— «da^»a,heco.n^.d^^^^^^ 
lppaiuLor«..pr..e..^».don.itUprefe.,ed*ataco»pound he added .h.t«^ 
chaTe^oendand CTPaai^thepoIy^nine Chain... is he..ved*acah.^erde^ej^ 

pob^eri^hcn ^ croaalinidng of .he p«i,an,ine is dcsirahle » prov.de »p™ved ha^ 
'pj^rtiea and appe^an^ of U-e harrier c.ad„,.o,*e present inve„do„.T^e^P-da. 

: ua^„chainex»ndandcrosslinlt*=polyaminechaininclude.bu.sreno.l»^«i». 

IlcUonaiac.ia.es. „e*ac.,a.es, c..d=s, .soc^s. U™^^. ^^^^^ 
anhydrides, esrera. ali^. halides, aidehydes or conih^dons "ZZ^ 
hu, are no. l,n.„d .0 he:.anedioi diac,yla». giycidy. .ned»cry,a«, ed.yi.nes^™,d*yadyl ea,er. 

0 ;:::l^:r:chaine»».ded.ndcrosaiin>.ed.i«,erprior»orsuhae,uen^^^ 

I^;lo„onasuh«ra«. C»„pou„ds use^. » *=in ex»,d and crosai^ dre poiyannn^, 
roll.Lude«,os...a»iaia„hich.^under.oanacid«..,zedcondensauonreachon»dr 
.he «^ a»m of*, poiyanune. snch as «is-„.my,o. phenol, aldehydes such as 
ro„»ddiyde a«. *yo»I. p.hen.o,uinon.. and mh^ures of torm^dehyde and acave me*yi«,. 

!5 compounds mat wm undergo a Mannichrcacdon. K«™l„.hvthe 
The emylenicaiiy unsaturated acid can he crcssiinlted huiependendy of m. po^by me 

addiJof.u,«uncdon^ — ""^^ T dt^ia... in 
unsamra.ed acid. These ccn«»undsinchrd.muldli»chonal.cr,.a„a and n.«ha^ 

addi.io„ me.my.enic.llyuna.nn,»iacid«.yhe„oas.in.»ddirecdyu.u.mecros^ed 
30 p^^.es.rucLhymeaddidonofacr,ia«and»emacryU»hincdonaisiiane.The^,a» 
and memacy^ funcdonal silane co»p™mds such as acryio^ropyitrinremo^ sdane and 
nremacyioxypropyiMmemox, ^ ^ be added to mc compositions of 
aubseZ.t»meemy.e.c^yunsa.ura«dacid.oc„ss«n.mepo>>^Hydro>^^ 

eondensadon of me aiitoxy or acyio^ groups subse,uen. to coahng wiH fonn > >»'^ 
3S :a»riaiw,m„u,dfunc«ona.sroups„hich»incop,ly»er^wimmeemy>en.cai>yunsatura,ed 
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ratio bdns about 5; 1 to about 2:1. 

'^'°*''tL?~<l=a. those »«cboc„,ainbo,hafu»c«o„^^up.^.-.«ct 

The&iuo where 0 is any group containing one or more 

■ sp^r-callv. th. react,™ sOan. include, motecule, such as gam=«.-ac.yta^l 

ret— e. ^---ctvi— 

■, ,Mor„oroovltrimethox™lane,chloropropylttiethoxysilane,gaimna- 

hL methyldimthow *»« Sly°aoxyP">Py' methyidunethow 

The „o,t profen^l ""^t^,",, ^^^p^pv, ,ri..ho>:ysiiane available from the Dow Conning 

„ rr:dZ:a.™:-^s«.y-.^ 

15 Corporau ^^^^^ p^^^^^ ^ the 

resulting precipita«. ,„ , ,„,^/reactive silane weigh, ration of about 

30 ro:r:":niLd.a.be^:0:l.ol:la..os..r.fe.redra. 

5:1 to about 2:1. 

'^^'^''^ H a..lied in any desired amount, however, it is preferred that the coating be 
The coating can be applied in any aes , on .^.,/m2 the most preferred 

appUed in an amount such that the coat weight is up to about 20 gms/m . ^e mo^ P 

Ht h.in. from about 0.5 to about 10 gms/m2. coat weight can be detcrmmed by 
35 ----^^^^""^^^°'^;';;^^^^g,3,,eappliedto 

gravimetric companson. The coatmg can pp j^ersion coating, 

method, such as spray coating. roU coating, slot coatmg, meniscus coatmg. 
and direct, offset, and reverse gravure coating. 
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^,,„«ns^ue.asori.n«dp,^^MOPP,.cas.pol„n.».»e.po,ye..^^^ 

,■ ■H.ndatolcne vinyl alcohol (EVOH).polyvinylal<»hol a»d copolymers thaeot, 

"^r.rr:orrr:::.::^^^^^^ 
— ::— rr;p.e^».p..»coa^-~^— ^ 

trca^cm, add ™tme„. and llamo »»«n»u, 31. or -hich are » th^^^ 

,„ addi^on. m. oo»pos.Uona of d» pre«nt inv»don c»> be uaed a, bam» Uy«a on a^d. 

^rof P«l«*ns conuiner. »»h a. pouches, mbea, t»«.e,. vials. bag-m-bo»=. =»nd^"P 

:^L,;hl.::ca«».,d»^ro™ed«ys,h.cl.-pacl.,ho«s,.^^^^ 

L. The conrp^sidons of d« preset i».».tion he used as _g adh,.™s 

Of course, dre p.«»nt l-vendon Is no, limited » Jus. paC»*nB applrcauons, and may be u»d 

"^Tp;iicaLw..r=^ea. or aroma barrierprop-*, are de^, such as ur.s,h 

aides inflatable devices generaUy, etc. 

Cof *,fo„go.ns,uhs.ra«s may have primer, appUedO^eo^Theprimersare apph^^ 

rsuhs.ar.lmed»ds,»o™lnd.earr»ch,aspraycoa,in.,roncoaun.^c^2, 
„e„scuscoadng, immersion coa*., and direc.o»« and reverse gra,„«c»^^ 

, ;imersinclude.hura..no.»mi«d»car^,po.y«M=nlmine,sndaaancs, 
p.sminoeU,yl)-3-aminop»pyi«»«ho^ silane and ™i„opropyl«efto.ys^e. 
^«,eoomposiho„sof*epre»„.invenuo„»,l.f.™rumss.amhic„tco„di.cns,opu„u. 

-"'''"'^r:rp:"rhT:;:i::™-^^---'— 

, beam is the preferred method of curing because It IS cheaper 

Zr:::r„:r:.t:. .»la„.s.<^~....io.asacu.e,ys.em 
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and chcmic^ gratosot*. coad„6 to subs^au. El««n bea» 
l^.„.,^.a^==uc.a,,a„d.O^.,^, — ^o™,™=. 

about 5 to about 2000 feV, preferably torn about SO to about 300 
be^nhavmg^ensyofftomaboutS^ ^^^^^^^^^^^^1^ 

KeV discharged therefrom may be irradiated in a dose onro ^ , 

T.o,.pJ™dao»se.lS0K=Vor.tl=a.t5Mt.^.ae,ro.b»uv.t^»^--^- 

tb. substtate is .n=at«i a vacuutn. Con»e,«ally av»lablo „u,o^ of olectxon b«» axo 

Etectrocu«CB.150av.ilabteftomEncreSciencca.Ino.(Wammglon.MA). 

"::;aiU0„an.aya>.0b.uU»*.ta^t.^iro»o,.„o„pho.o^.ot,»^ 

Lou*«TK™axonoap«^raatHcd«nao„thephotoi,U«at^as.o„S..tho,oa».^^^^ 

l^'^tbeabaotptionoropdcal^-^. 

ofiMdato^uaedb, the UV euro oftb. present co.posibo„,nclude2.b,d™.,-2.m«^^^^ 
pbenvl-propa.-!^ parocut, .173,, »ld by EM Chen,icais. «.d 2.2 D,n.o.bo:ty-2.ph»y.- 
Il-pblbe „ as.,, so,d by aba-Oei^ Corporation, Ha„ New Vo*J^ 
purpola of this invention, it bas been found that fron, about 0.05 to about 5 we«ht p»c».t 
L to., so^ds ,„ .be co„pos,uon, ot tbe pboto^idato. de^cHbod tb^» ^ -so 

the composition to cure. „„„i„„-H 
other types of tree radical generator. ,tn,«» » those in art .nay also b. employed. 

such as oromoted peroxides, azo compounds, etc. 

:rdrti"other:etho^ofeu,in.„wbere,uired.aoro,s«n^.saddedtot>»eo.p.»u^^ 
Poreita^pleifan^ctivesilanecosslinkerisadded, the composidon n,ay be cured vta a 
eond.ns.don reacdon, Which re.^ the present of n.o^»re. The nioisuare .^^ 
th. coadng solution itsdf. or »ay be added dtrough steam or in a b^ hunudtty oven. ^ 
Ldon L be acce,«ated thou^b the presence of beat, for e..ta»p.e. by hea,^ » a^ »» at 
rZrresuptoabout ,40-C, with te,npe.an.res of »om about 60-C to about 120-C being 
:reTr:d.:»pe..btresorab„ut,O.CtoaboutllO.Cb.in,»oatpre,^.^^^^ 
Lperature dependent and the coating wiU reach tack free dnio in one to 10 s»»nds. The 
reXIp seL to evaporate U» solvit, and a»e^ the eondenaadon reac^hetween 
«oups. Theaddidonalcureche„.L«riesre<,uired«indepe„donth=paxhculax 
"c„,sslinldng systems employed, which are weU known in me art. 
Ontional Additives 

vLusopdonaladdi.ive.can be added to die composiUon to ^prove various ^P^e^» 
required These addiUves may be added as desired and in any amount as long as diey do tiot 
. Zde;beperfo„aneeo,the.»..erco,...— 

r:::— r.'::r;:r:~eth,^g^.^^^^^ 
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.Uphenol A di*ci*e*». or polya=in», ^eh as po,y=thy.«U»in. and other W.t«»s 
agents, such as polyethowlated phenol may also be added. 



>TeferTed £<niooauDBi»- 

,„ aceomance vdU. a preferred e»boda„e„c of .he presen. inve„.»n. "3 par» of a so uuon of 
lLn.ed.o^e,30..soMs.»e.a„o,,areadded..00pa^S.a0»S0*^^ 
.sopropy. aloohol ,1PA). 3.6 parts NaCl are produced by U,e neutrahzahon and a„ ^»d by 
celfuging a,= solodon. The resuldng soludon is dHuKd «, 30% «.Ms by addme 61.5 p.r« 
,PA per parts of the soludon. 100 parts of dte „™.X.H»d SZ^SO ,3m4 solMs, » then 
reacted with 76.5 parts of it»»mc add and diluted ™.h 301.75 parts ™ter and 231.75 parts 
;:;„py, alcohol. The solution is coated ontoasubstratethentreated^alOMraddoseof 

175 KV electrons. Where it formed a film. 



^;::^npermcabinty values for each mm are ^ven in units of cc/spua^ meter p^^^ 
...^..;aLeslasuredatOo/orelativehu...tyusmgaMOCONOxtranModellOO^^^^ 
values at 80-82% relative humidity utilizing a MOCON Model 2/20 MH. The MOCON 
instruments were obtained from Modem Controls Corporation. For comparison, the 
polypropylene base film had a permeability ofabout 1500 cc/m2/24 hours. 
LLee:.amplesl-6citedbelow.thepolyaminewasa700molecularweightpo»^^^ 

(PEl) obtained from Aldrich Chemical Company. Ita^onic acid .vas also obtained from Aldnch 
LLc. company. Awettin.a.ent,"Eccoter..O.OO.. was obtained from Eas^^^^^^^^^ 
Chemical Company. The electron beam was produced by a Pilot Electro curtam electron beam 
iLe proJed by Energy sciences, inc. The oriented polypropylene(OPP)r^^^^^^ 
fn,n. UCB Films. The Z-6040. gamma-trimethoxysilylpropyl glycidyl ether, was obtamed from 
Oow coding corporation. Midland. Michigan. T^eSZ-6050isas.ane.^tedpo^^^^^^^^ 
.vailablef^m DOW CorningToray Silicone corp. (aapan,.and was prepared^add^4^^^^^ 
of a 1000 molecular weight polyethylenimine ,SP- 1 10. available from Nippon Sholcubm. Japan, 
49.3 parts isopropyl alcohol, then heated to 80-90 degroes C. lT.en 10.2 parts of 
cloropropyltrimethoxy silane were added and heated at 80-90 degrees C for two hours. Th.s 
solution was neutralized with NaMeO. then fdtered. 

Ir-Itiof7.46g. of PEI was dissolved in 34 g. of isopropyl alcohol (IPA). and 22.54 g.^ 
itaconicacidandSSg-ofwaterwasaddedandstirredtoproduceaclearsolut^on. 
AsolutionofO.lg.of-EccotergeEO-100" in 100 mlof50o/o aqueous IPAwas prepared, ^d 50 g. 

of the PEl/Itaconic acid solution was dUuted by the addition of 10 g. of the 
S solution. The resulting 25 weight % solids solution was coated on a corona treated onented 
plropylenemmus.ga.l2MyerRod..l^ecoatweightwasfoundtobe4.7g./s.^^ 
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film. 

soluaon was heated at 60-C for three hours, then 21.978 8. of itacomc 

r;tOs.or,PA and 35 s.o<--.The«..«re was stirred andaclearsolu™^^ 

0l%ledo„solids..,Ecco.ergeEO.100wa,»id«i. The solution .a. d^uted «>«% by 

"irs^l With a«a,n.ou,.PA Which »»0.1%,.»ei^Ecco.».--^ 
Zltr.a.edOPP«h„u,inga«12My.r,oda.ddri.datl00-n0-crorl0nnnu»s. The 

r::rlu»n.«a.ed»i.hlOMraddos.o,.TSKVelec..».s,wher.aouredcoa,in.^ 
formed on the film. 

^t„'or7.2« of PEI was prepared in 2S.. of.P.and 1.221 . of Z-6040 .vac added, 
"inds to 0.50 »o>esZ-6040 per n.o.eof700n.olec„lar weigh. PEI. The solunoh was 
rrrentS0-C,or3honrs.then21.531.ofi.aeo„icacid.l0..of,P^a^35.^w.^^ 
weteadded. The mi^cture was s*ed to form. =^=oi««o». andO.1% soi^is B^r^EO 
.oowa^added. The soludon was diluted to .5% «Uds u^ng the dildting solu^nde»*»^^» 
Exaniple 2. I. was coa,«.. dried, and su«eo»i ». the electron beam as descnhed » E:ta^i. 2. 

penneahiUt, of 1 10 cc/s^ m«e„24 hour. At 80 relad>, humidiv, the per■=.ah^^, was 
16 cc/ square meter/ 24 hours. 

rZtn Of 7.101 af PE. was prepa^ in 25 . of .PAand 1.797 of Z-60.0 was aMed »d 
the solution was tnaintained at aO.Cfor3hours.The,uand., of Z-6040co,«^ondt^^0^^5 
„oies per „o.e of 700 nrolecuiar weight PEL A total Ot21.102 g. oti.aca»c actd. 10 g^otlPA. 
:: 5Tof water wasadded and sdrred to o^ainacearsoludon. and 0.1*h,^<«^ 
Lter^e EO- 100 was added. The solu«». was dauted, coated on cotona tre^ed OPP, *»d 
, lTredasdescr,hedtaE^plc2. The coating was luit. ne^e a. 0% reUtn, hun^^ and 
i:,genpen»eahiU.,waa0.9ar,dl9ce/s.^n.e..rmhou.3at0*a„d80%,*hve 

humidity, respectively. 

^^^^^ ^ ^ V, 0 ^ a of IPA and 2 346 g. of Z-6040 was added and 

A solution of 6.963 g. of PEI was prepared in 25 g. of IPA and 2..34D g 

■ • ^ t An»r fnr 3 hours The quantity of Z-6040 corresponds to one 
5 the solution was maintained at 60 C for 3 hours, me qu ^ «dded 10 s of 

„.oie of Z-6040 per mole of 700 molecular weight PEI. To this soluuon was then added 10 g^of 
aioleofZbU^up and it was stirred to produce a clear solution. 

IPA. 20.69 Ig. of itacomc acid, and 35 g. of water, an 

EccotcrgeEO-100 in the amount corresponding toO.lo/o based on solids was added. The 
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solution was cmuted. coated on con,na treated OPP.dried and cur^i as described in 

coating hadadxypenneabmty of 30.5 cc/s.ueren.eter/24 hours, butawetpenneab.^ 

only 14 cc/8qua« meter/24 hours. 

^^^^ .. -,5, „,,PA .„d4 353E ofZ-6040/moleof700 

molecular weigh. PEL The solution w» maintain « eO'C for U,.ee hours, and 19. 188 ^ of 
i„co„.c acid was added along wim 10 g. iPA arui 35 g. .«er. '"^ *° 

Clear .oiuhon, and .hen Ecco„rge EO-.OO in an amount com=sponding to 0.1% based on soUds 
Tadded. Th.so,utio„wascoated.d.l«..«^cur^asdescrihedinE:.au>ple2. ,l.,«^gen 
;L.bili.y»asmeasu„d.^5S,nd47»/.^me.er/24hou.swhe„.t«asmea=u.^ 

at 0% and 80% relative humidity, respectively. 

rrTiJ.. percent coahng solution cant«nins polyethyiemmine, g>s»dyi methac^iat. as a 
c„sslinker, and iuconic acid in a 1:0.5:16 molar .ado in 50% aqueous isopropsnol and 

containing 0.1% wetting agent was prepared as follows: 

A soluuon of 6.138 g. of poiyethyienimine. molecular weight 700. was pn=paredm2S g. of _ 
i„p«„lalcoho,,.he„0.623g.0fg.ycidylmethaay,a.ewasadd.d. The solut»n .vas a»^ » 
staLdlmightatamhienttemperature. A,u.„.i^of 12.5 g. of .^.propanol contamm.0^2^ 
of -Eccoterge EO-lOO" was added to the solution, fi.ilowed ^ 18.24 g. of itacomc aad and 37.5 g. 
, r: Lmi:.^rewa.sti.r.du„«.ac,ear»ludo„„asoh,sined. 

treated poiypn-pylene ah. usingamMyern^i, and the coated Him was d„edmalOOov».fi» 

lOmhtutes. ,tw.sthen.r.a.«iwi.halOMt«ido«:ofl75KV electrons. ^'^^ 
p.™^hm.ywasl40.nd38cc,24hours/s.^«eter.atO%a.d80%n=l«.vehumKh.y, 

respectively. 



^Vsoludons containing the reaction product 012.6020 and pentaetythHtol^o^^ 
^.hitaconic acid ina4:l:10.4mour ratio were bl^-dcdwithasolutlon Of polyethylemmme 

molecularwei^t 1.7 million, with added itaconic acid. 

Tao weight p^e„tcoa.ingsolu.lonwasprepa..di.50%a<p«.usisop.opanolb,*efollow^^ 

method. A solution o, 10.864 g. of pentaerythritoltetra^tyUte (PBTA, in 160 g. o^dty 

lsopropa„olwaspreparedand6.852g.ofZ.6020was.dded.ThesoMhonwas*wedto,t^d 

a.LLtt.mp^ture,hronehour,then41.278g.ofi,aco„icacidw».ddedoUcwedbyl60 

g Ofwater. The mi«un= was sdrred to form a dear soludon. refe„ed to here as 

Lo weight percent solution of ..7mimcn„o,ecu..w.i^tpolyethy,en^ea.^ ..aeon, a^ 

containing one mole of itacon.c acid per gram atom of nitrogen was prepared as fbBow. 

TlOO s. 'uand^of-PolyminSK^ a24 weigh. petcent soludonof a 1.7 mim=nmoieo.Ur w^ 

po^et^ylimine, obtained from BASE Cor,»rad„n, was dUuted with 80 g. of .taoomc acd whfch 
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we« added together slowly. Stirring was continued until a clear solution was obtained, "niis 

solution is now referred to as "Solution B". ^ , ,no . of 

in a similar manner, a solution referred to here as ■Solution C was prepared from 100 g. 

"Polymin SK". 67 g. water. 93 g. of isopropanol. and 60 g. of itacomc acxd. 

,„ a similar manner, a solution referred to here as ■Solution D ' was prepared from 100 g. of 

"Polymin SK". 82 g. water. 158 g. of isopropanol.. and 55 g. of itaconic acid. 

Coa^g solutions were prepared as indicated helow. and appUed to corona treated pol^^^^ 

mm to giveacoat weight of 3.0-3.5 g./s.uaremeter.driedinadrculating air oven for3 

niinuces. then treated ^thalOMrad dose of 165 Kvelectronsusingalaboratory model electron 

beam generator suppUed by Energy Sciences. Inc. The permeabiUty values axe given m 

rI::T:r:~-0.3o-nB. Theo.genpermeab.tywas0..a.Oo.re.uve 

— ::::r:r;.SolutionC. .e^genpermeabiUtywas..0at0..1at.e 

humidity and 6 1 at 80% relativity. 

samples: 240 g.Soludon A. 80 g. solution D. The oxygen permeabdily was 0. 1 at 0 /o relative 

humidity and 81 at 80% relativity. . . . ^ ^ in „,mmes at 

For Examples 9- 10. the solutions were coated .^th an RK coater and dned for 10 nunutes 
.oom temperature before be^g passed throughadtying tunnel at 60-C.5m/minF>^s.^^^ 
Len^LatelvtreatedbyED.atavoltageofl70KVandadoseoflOM,ads.Inthefono^^ 

examples. SZ-6050 is a sUane grafted polyethylenimine available from Dow Commg Toray 

Silicone (Japan). 

^TJa solution of soHu» n,eU,o»d= (30% soUds in meftmol) wero add«i » 100 8. ot SZ- 
6050 50% «.lid, in .PA. 3.68 g. N.Cl we„ pr«lnc=d by .he neutralization and """'^^ 
^ cntrim^g *e solution. The resulting solution »as dflu»d » 3«. solids ^ -^"^'''^J- 
^Aby IOCS, of solution. 10 g. of ti.e neu<rali»d SZ.6050 (30% solids, n==»t»i ««h 7.65 g. 

LL a J and dUu.ed .ti, 30. 175 g. ^ -d .3. 175 ^ isopro^l '^J"^"^^^ 
„ei^«w.re»essuredb,».»ingti„«.msbdoroand^wa,hlnga.o»o<rw.ti>HaOH5^ 

in IPA/MeOH/water (1:1:1). 

Neutralized SZ-6050/ITA (1/23) 

K-bar Coatweight(Bsm) DryOTR WetOTR 



YeUow 0.69 

Red 1-40 

Green 3.03 

Orange 7.21 

Brown 7.21 



59 43.4 
96 14.2 
125 4-75 
133 

200 Not 
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^^^^ • mA ,«™t.r ri- 11 ■ 10 B PO Of 25,000 molecular weight were added 

PFT/rrA fl-5811, 15% solids in IPA/water (1.1) • lU g- ^'J" o' ' 

PEl/llA u-3o^)' , , u 1 „^ Afi Q o water This corresponds to 1 

Jr. dfi Q s of isopitJpyl alcohol and 4b.y g. warer. llua^. t- 
to 30.2 g. itaconic acid in 4&.y g- ox i&oh'^kj 

„o..on«c»nic-Mpern.oi.of^«^ ^^^^ 
K-bar Coatweight (gsm) Dry oik 



Yellow 



Green 
Orange 



0.69 0.58 136.7 



1.40 1-60 



37.9 



3.03 
7.00 



3.27 10-7 



0.14 



7 21 l°-^3 
("bating in the same conditions insulted in a coatweight of about 7 gsm. 



'\,«06. of polyethylenimine with a molecular weight of 25.000 was prepared in 85 

and 2.566 g. of fumaric acid were then added and warmed and stirred ^ 
^solutiolwas coated oncoronatreatedOPPramusmga.l2Myer«d^^^ 

v.n at 90-100°C for 10 minutes, then treated mth a 10 Mrad dose of 175 KV 

oxygen permeability of 55 cc/square meter/24 hours. 

.„Mv„,od The coattd ram was dried for 10 oinutesm an ovo> at 90-100 C and 

r::::rr:ord..on.sKve«-e«„.deoa..»--a^o^ 

permeabiUty of 12 cc/square meter/24 hours. 
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Claims: 



Composition comprising: 

an ethylenicaUy unsaturated add andapolyaminecwcterizedmthat the 00^^^^^ 

has a crosslinker reacted therein and in the said polyamine has four or more A. B. or C 

'*I7s an -r2 - N(R1)2 unit. B is an -R1 - N(r2-)2 unit, and C is an {-R2)3N - unit. 



units, where: 



where: . „ , , 

Rl is independently selected fh,m hydrogen, alkyl, substituted alkyl. aiyl. 

substituted aryl. aiylalkyl, and alkylaryl, and 

r2 is independently selected from the group consisting of: 

linear or branched alkylene groups or substituted alkylene groups 

having from 1 to 18 carbon atoms, and 

aiylene groups or substitiited arylene groups having from 6 to 18 
carbon atoms. 

composition according to claim 1. charactenzed in that the molar ratio of nitrogen atoms 
on the polyamine to the acid groups on the eti^ylenically unsaturated acid is from 10:1 to 
1:100. 

composition according to claimlor2. Characterized in ti.atti.e composition is dissolved in 
a solvent and tixe solvent is selected from tiae group consisting of water, alcohol, etixer 
derivatives of mono and poly glycols, and mixmres thereof, and the solvent constitiates 60- 
95 parts by weight of tiie total composition. 

composition according to anyone of claims 1 to 3. characterized in ti.at the eti^ylenicaUy 
unsaturated acid is selected fr^m the group consisting of itaconic. fumaric. malerc. 
citraconic, acrylic, meti^acrylic. and cinnamicitaconic acid monomethylester. 
vinylphosphonic acid, mesaconic acid, sorbic acid, and vinyl sulphonic acid, and matures 
thereof. 

compositions according to anyone of claimsltoa, characterized in that ti^eeti^ylenically 
unsaturated acid is a dicarboxylic acid or a monoalkylester thereof. 

composition according to anyone of claims 1 to 5. characterized in ti.at the composition 
includes an additive. 
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, composition acconiing to claim 6. characterized in that the additive is sheeted from the 
group consisting of antiblock and slip aides, polar additives, a silane. an acrylate or 
methacrylate. polyethylenimine, glycidyl methaciylate. glyddol. ethyleneglycol 
diglycidylether, bisphenol A diglycidyletlier and wetting agents. 

8. Compositionaccordingtoanyoneofclaims 1 to 7. characteri^d in that the polyamine is 
polyethylenimine. 

9. composition according to claim 8. characteriz«i in that the polyethylenimine has a 
molecular weight in the range of 600 to 25.000. 

XO. composition according to anyone of claims 1 to 9. characterized in that the crosslinlcer is- 
an organic crosslinker. 

U composition according to claim 10. characterized in that the organic crosslinker is selected 
from the group consisting of: multifunctional acrylates, methacrylates. epoxides 
• isocyanates. thiocyanates. add halides, acid anhydrides, esters, alkyl halides and 
aldehydes, and combinations thereof. 

,2. Compositionaccordingtoanyoneofclaims lto9.characterizedinthatthec™sslin^^ 

reactive silane having the general formula QSiRni(OR)3.m. 

where Q contains a group selected from the group consisting of 
aciylates, aldehydes, methabiylates. actylamides, merhacrylamides, isocyanates. 
isothiocyanate. anhydrides, epoxides, acid chlorides, linear or branched 
halogenated alkyl, and halogenated aryl, 

and m is 1. 2 or 3. aad R is a group having 1 to 4 carbon atoms, 
and in that said composition has optionally been neutralized. 

,3. Compositionaccordingtoclaim 12, characterized in that the reactive silane is selected 

from the group consisting of: 

gamma-acryloxypropyl trimethoxysilane; gamma-methactyloxypropyl 
trimethoxysUane, 3-glycidoxypiopyl trimethoxysilane, chloropropyl 
trimethoxysUane, chloropropyl triethoxysilane, ganuna- 

isocyanatopropyltriethoxysilane. vinyltriethoxy silane. vinyltrimethoxy silane. vmyl- 
tris-(2-expoxy cyclohexyl) silane and ethyltrimethoxy silane. chloropropyl tnethoxy 
sUane. chloropropyl ethyldimethoxy silane, methyldimethoxy silane and 
glycidoxypropylmethyldimethoxy silane, and 
said composition has optionally been neutralized. 
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14. Composition according to anyone of claims I to 13. chaiacterized in that the composition 
is coated on a substrate. 

15. Method for the manufacture of a substrate having barrier properties comprising the steps 
of 

(I) coating a substrate with a composition according to anyone of claims 1 to 14; and 

(II) treating the coated substrate of step (I) to initiate a free radical reaction. 

16 Method according to claim 15. characterized in that the free radical reaction is initiated by 
electron beam radiation, gamma radiation or ultraviolet radiation, optionally in the 
presence of photoinitiators. or said free radical reaction is initiated thermally in the 
presence of a free radical generator. 

17 Method according to claim 16. characterized in that the tireatinent of step (11) is performed 
by electron beam radiation at from 5 KeV to 2000 KeV and greater than 0. 1 Mrads. 

18. Method according to claim 17. characterized in that the treatment of step (II) is performed 
by electron beam radiation at 150 kV and at least 5 Mrads. 

19. Metiiod according to anyone of claims 15 to 18. characterized in that the coated substrate 
of step (I) is heated. 

20. Metiiod according to claim 19. wherein tiie coated substrate of step (I) is heated in the 
presence of moisture. 

21. Metiiod according to anyone of claims 15 to 20. characterized in tiiat tiie substrate of step 

(I) is treated with a primer. 

22. Metiiod according to claim 21. characterized in tiiat tiie primer is selected from ttie group 
consisting of a silane. polyetiiylenimine, and carbodiimide. 

23. Metiiod according to anyone of claims 15 to 22. characterized in that tiie substrate is 
selected from ttie group consisting of polyolefms. including oriented polypropylene (OPP). 
cast polypropylene, polyetiiylene and polyethylene copolymer; polystyrene; polyesters, 
including polyetiiylene terephtiialate (PET), or polyetiiylene naphtiialate (PEN); polyolefin 
copolymers, including etiiylene vinyl acetate, etiiylene acrylic acid and etiiylene vmyl 
alcohol (EVOH). polyvinylalcohol and copolymers tiiereof; polyamides. including nylon, and 
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MXD6; polyimides; polyacxylonitrile; polyvinylchloride; polyvinyl dichloride; polyvinyUdene 
chloride; polyacrylates; ionomers; polysaccharides, including regenerated ceUulose; 
silicone, including rubbers or sealants; natural or synthetic rubbers; glassine or clay 
coated iaper; paper board; craft paper; and metallized Glms and vapor deposited metal 
oxide coated polymer films, including AlOx, SiOx. or TiOx- 

24 Method according to anyone of claims 15 to 23. characterized in that the treated substrate 
of step (II) is disposed on one or more additional substrates to form a laminate, and said 
additional substrate or substrates are optionally treated with a primer. 

25 Method acconiing to claim 24, wherein the additional substrates used to fonn the laminate 
are selected from the group consisting of polyolefins. including oriented polypropylene 
(OPP) cast polypropylene, polyethylene and polyethylene copolymer; polystyrene; 
polyelters. including polyethylene terephthaiate (PET), or polyethylene naphthalate (PEN); 
polyolefm copolymers, including ethylene vinyl acetate, ethylene aciyUc acid and ethylene 
vinyl alcohol (EVOH). polyvinylalcohol and copolymers thereof; polyamides. including 
nylon, and MXD6; polyimides; polyacrylonitrile; polyvinylchloride; polyvinyl dichloride; 
polyvinyUdene chloride; polyacrylates; ionomers; polysaccharides, including regenerated 
ceUulose; siUcone, including rubbers or sealants; natural or synthetic rubbers; glassine or 
clay coated paper, paper board; craft paper, and metallized films and vapor deposited 
metal oxide coated polymer films, including AlOx. SiOx, or TiOx- 

26. Packaging container comprising at least one barrier layer forming an integral part of said 
packaging container, characterized in that said barrier layer is formed by 

(I) coating a substrate with a composition according to anyone of claims 1 to 14; and 

(II) treating the coated substrate of step (I) to initiate a free radical reaction. 

27 Packaging container according to claim 26. characterized in that the container is selected 
from the group consisting of: pouches, tubes, bottles, vials, bag-in-boxes, stand-up 
pouches, gable top cartons, thermo-formed trays, brick-packs, boxes, and cigarette packs. 
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